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(54) DNA MARKER LINKED TO ALUMINUM-RESISTANT FACTOR, AND ITS UTILIZATION 

(57)Abstract — 
PROBLEM TO BE SOLVED: To provide a DNA marker which is present in the 
genome DNA of barley and is linked to an aluminum-resistant factor, and to 
provide a method for utilizing the same. 

SOLUTION: Marker Bmag 0353 is a DNA marker which is present in the genome 
DNA of barley, can be amplified with a pair of primers described in the following 
sequence numbers 1 and 2, and is linked to an aluminum- resistant factor, and is 
placed at a position separated from the aluminum- resistant factor in a distance of 
about 1.6 centimorgan (cM). Sequence number 1: actagtaccc actatgcacg a. 
Sequence number 2: acgttcatta aaatcacaac tg. The marker Bmag 0353 can be 
used to predict in a high probability whether a species is or is not an aluminum- 
resistant species, thus facilitating the selection of the resistant species. 
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©DNA-7-*--C^lgv-*-^^tfBAC^a-> 



(6) 

9 

A1MX«:5 0 0 0MbT£>*K :/lM X£ 1 5 0 
OcMit5i, lcMl*#J3. 3 M b 6, 
1. 6 cM/ci^5Mb(Dig]|ttC>i^ 0 
[0 046] J&m®k* 

Tffi^** A*"e9y y A D N A frCzgAT & C 

WDWienSCttftio #flx.« v StfSThe Plant 
Dournal (1997) 11(6) ,1369-1376 Witt, Sonia Tingay^ 
CCctOv Aqrobacterium tumefaciens ^ffll^T^^A^" 

[0 047] 

[0 048] (7^^-?Aitt(Dff» 7;V^-?A 
W&m 'fr6£#k"*3' <tT^ ^ASSttS 'More 
x' *5<fcc/-e<DF 2 JSffl£2 0T:T*5BR3«3?U PH4. 
3 ttCWm Ltc7kVmit F 2 10 0 J: OTffiH*ftio 
fflfttt^Wfc. * 3 HIH^WS 

teSIZKltt, 100 MM A1K(SQ,) 2 * 6HiCPk£MK*30MM 
^a^TT'WfS L fcfflf**tt±a$ £ tfitc# W T ¥tt 30 

[0049] cdw am] f 2 mm*s<tzmm<om^ 

g£$JSU 100ng/Ml Kfgl^U/c 0 

©Peter Langrige, Angel o Karakousis and Dan Nield. 

(1997) Practical Workshop in Basic Recombinant DN 
A Techniques Course Manual. Waite Agricultural Res 40 
earch Institute University of Adelaide. 

<b/jN$l^ffliJ<DMffi®^6lO(@ftCDDNA ^5tf^Sa 
U W14tJfiStt©^^*DN^ **ft*ftf&i£Ufc. >< 

Jl^DNA fcitfMSODNA £J?H>TAFLP (Amplified Fr 
agnent Length Pol ynx>rphisms)#Wte<fct/SSR( Simple S 
equence Repeats) -?/c 0 

[ o o 5 o ] AFLP^tfT"e«, m 1 ^?n2>7 7^v- 

128 O^^-fl^iftCctot/O F£5S 
88 L/c. Selective. pnmer©ffl^-e«ffeO^:iK*#^«: 50 
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or^©»&ft^Ti*fc©*aiii?ofc. bkc 

E-000 it % EcoRI (^universal priiner&iSL, 
E02,E03,E05,E08,E09,E12,E14,E15 12, EcoRI (Dselect 
ive primer£J§U «*afi0»J##BB#O*««:*Stl 
£ 0 $fc v M-000 t£ v Mse I ^universal primer^rJg 
U M17-M32 (Ol 6<Dy m '7 J~? — lt£, Mse I (Dselectiv 
e primer** b . fttt^5U*s*E#©*««:5% $ ft 

So 

[ 0 0 5 1 ] SSR »«r"Ctt, 4H^fe{*±K:ffiSIIT£8 {@ 

cossr -*-#-*flM/c, -tft-tft^^ib^mro^ss* 

m&Ltc 0 J£TF\ AFLPI^WfeiDfSSR^WCCOlirMK: 

[0052] C AFLP^tFr D TESaK©<D*jS«c|!6 ^ T . 
150ng (DONA 5UCD EcoRI (TAKARA) <£ CXMse I (N 

EW ENGLAND BioLabs) CC<t0, 3 TCtmBSMf^frit 

©Pieter Vos, Rene Hogers, Mario Bleeker, Martin R 
eijans, Theo van de Lee, Miranda Homes, Adrie Fri 
iters, Jerina Pot, J oh an Peleman, Martin Kuiper an 
d Marc Zabeau. (1995) AFLP: a new technique for DNA 
fingerprinting. Nucleic Asids Research. 23:21:4407 
-4414.WIEB*A5aftODNA 10M1 &C2pmol EcoRI adap 
tor £20pmol Mse I adaptor* 50U <DTA ligaseOAKAR 
A) «:iot2 0 , a 3B#Rg^-f >3>U lOrrMTri 
s-HCl 0.1mh£OTA(pH8.0) -oT20fS#S? 0tc o Pream 
prifi cation© PCR %jfcte±M%:25n 1 t lt7 A 
->3>L/CDNA 2.5 Ml (20{g#5§R) i7 7>fv^j; 
c/#^^(D^rSS^ s 1.5ng/Ml EcoRI universal prime 
r, Mse I universal primer, 1 xpcR Buffer, 0.2mMdN 
TP, 0.02U/m1 ExTaq polymerase (TAKARA) ttlZ>%L 
ttttTr>/Co Preampri fi cation U /cif > ^M£l0mMT ris 
-HC1 0.1^EDTA(pH8.0) "C 50f&«l#S? U/c e FCR RlBtt 
Preampri f i cati on , Sel ecti ve Ampri fi cati on <bfe@2 
&C7n£ft<E>:7 D ^f^l^lfCX r>X Gene Amp PCR system 9 

700 (A.B.io^rac^rtf^fco «K«> TiasiR®©* 

SK:S£r?T, Selective Amprification tSIB©^^ 
10M^cOl5ngi l,tc. 

©Y.Mano, S.Kawasaki, F.Takaiwa, T.Komatsuda. Deve 
lopment of a simple and efficient AFLP technique a 
nd construction of an STS-^AFLP map in barley(in pr 
ess) .Selective amplification tePreamplificationU 
/cDNA(50fg*^) 2.0 ui i:/7-fv-toJ:tfft«*© 
^iSS* 5 1.5nq/Ml EcoRI selective primer, Mse Isel 
ective primer, 1 x PCR Buffer, 0.2mMdNTP, 0.025U/ 
Ml ExTaq polymerase (TAKARA) (D^feff^S^lO/il 4 

7^ Y*t4*m7L. 95'c ^njn*u, ^x*r^u 

/Co S»U/c-9->^S:16cmft^ ; 7^y^«:ffl^T75^ 
tt^ U 7 * "J ;UT ^ K (7*'J^75 K (Wako) : tT 



(7) 

XL 

.X(WakD) = 19: l t 0 . 5 X TBE , 8.5MSc^) "Cl t£^/c 9 

32i^>^;i/*Ie]a#^:4 ftH^kt&osov, 3^H) U si 

l-Best Stain for Protein/PAGE(nakalai tesque.INC.) 

©*h «^ (1997) tf*i»f>i-©«ai«gS5 as^fe. 

7k IS. *S[HJK. «M- 85-87. 

Cssr ##t) ssr ^Wtctt. $ A»ttH?*4H 

SIT&8 <1<DSSR (T&*>£. HVM13, HVM40, 

HVM67, HVM68, HVM77, HVM3, Bmaq0353 teJctf Bmaq038 
4 ) *mA,tc 0 PGR SJBS©»fi5»0.05U/Ml AmpliTaq 
DNA polymerase, IX PCR Buffer, 0.25mMrfgCl*. 0.6mM 
oNTPs, lpmol/Ml primer (forward, reversed) 
filO.OMl iWc, PCRS(6tt. V-#-HVM3K:ot>T 
RBI 3 <D SSR3, V— Bmag03 53*5 J: Bmag0384tCO I > 

P^AtlTo/c. 

[0 05 3] 5'M* hex (H) rK#«»LTlr>SHVM3 20 
li % 1f>^;l/1.0 Ml &C1MX;*#>#- F (TAMRA GS 
500 ) 0.5 Ml . R^*>*;U75 F 12.0 Ml £fln 

tcD-Zsy'A>& ABI PRISM™ 310 Genetic Analyzer (A. 
B.i.)KJ;^T*£tUU/c e PCR«»©*>fX«3ett7 9 
W>H»«fiV7 F^xTGeneScan (A.B.I.) &C <t 0 
fTtrV alleleCD&SfclteDNA ?^^> hMfflV7 F 
r> * TGenotyper ™ (Versionl.l, A.B.I.) ^r/B^/Co 
£/c, m^^?nTt^cC^HVhA3JW^<DV-*-CCOl^ 
T«1^>^";U6C^S<7)*;bAT ^ F«rftli, 95'C 5»ffl 30 

$ Fy)Wmsm<3hl;. $R^«cJ:9^>F**Mtil/ 

[0 0 5 4 ] ±IBSSR V-#-<£>5^ HVM3fc:o<,>Ttt 
XSS rz. W.Liu, R.M.Biyashev, M.A.Shaghai Maroof.(l 
996) Development of simple sequence repeat DNA mar 
kersand integration into a barley linkage map. The 
or. Appl. Genet. 93:869-876J CCfBlKS tlXio 0 , ^ 
<DV'^-( v-EJUB, 40 
ACACCTTCCCAGGACAATCCATTG 
A/XACCCAGAGCACCCA/W\AGT C 

x<h*> 0 

[0 0 5 5] £/c, Bmag0353te, Waugh ^6CDfIftT*A 

ACTAGTACCCACTATGCACGA 

ACGTTCATTAAAATCACAACTG 

T*£o 

[005 6] C»««*r) ^»H©f^«M^PMAKER/E 

xp3.o ^m^xmM^mo^mB^ioD 3.0 -cm^ taa 50 
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E»rFE*K©©#ttK: <fc /c e 

©Kosambi , D.D. (1944) The estimation of map dlsta 
nee from recombination values. Ann. Eugen. 12:172-1 
75. 

[0 0 5 7 ] tTfrS-VAMI&O&M) 3QvM<D7)l> 
5 r. ^ Ajei^frTt 12 B fia£W 5 fcW«*«54J <t 

t, Ate 'tf^Sarfe^' . Bte 'Morex ' , CRF 2 

[0 05 8]fttX37©«S»ffB, SSCCT^SnS 

14 = 67 : 33 *'=3.41 0.1<P<0.05) . 

V t 'Morex' <D&BtCi*l>T 5 AftttiS 

[00 5 9] (T^^^ABtt^tSDNA^ 
->^tf r>/ciC6, E05-M26 . E12-M29 CDffl^CD 

2 ocd v - # - * f 2 ma 6ofii$cD^ - 1) -mom&x. 
mu/co 

[0 06 0] £/c, ssr *®fflU/c^*;l/^^^u^7> F 

>^b/c^^ HVM3, Bmag0353CD2 v-^-OCOl^T^ 
S^fi6n/cm AFLP^-^-i|^«W:{i#C7)*7-^ 

[006 1]S6<D (a) MX. AFLPCO±iaE05-M26 <D 

tl, 06© (b) kite, SSR <DV — io — Bmag0353«:4s# 

^•awdttaoy^ft^sn*. a*, btcbsb 

^n^nWtt<blSS14<D>'^l'^DNA'C*0, 1-7«B 
ttCDF 2 {S^ 8-1 4&*,®§1£<DF J ^i*r*^o IB 
ttiJBatti<DWT^ffi#BW>6n«:^>F3W, 0*^ 

Ep-C7n$nri^o 

[0 06 2] (b) cc^sn^ct^cc, ±iev-^7 
-Bmag03530>»^ ftWhts: 2 0<Z>^*> FWKbhtl. 
C<D*>%. iOSlwOF (ttuobp)tt, W14CDBT*5 
ctC/l-7Tt2*6n, ^S14<Z)BS*><kc>'8-l 4t 
«12* 6 tl/cC^o /Co L«m, C<Dv-*7-Bmag03 
53*. *»«©DNA7-*-£UTfflli5Ci«:i 

[0 0 6 3 ] */c. fc««&2-*D'OF<D5^ cfc 9 
F (#jl40bp)tt, m&feCDB S^cfcO'8-1 4 



13 

S"C*4i«iSh4. ±IBv-#-Bmag0353 

[006 4] CTJU5-£AWtt©^?tf>20 Fz » 
ro.24*««:urfl#*iftti««tt«:»W, iWtt^a 

TiSSR -? — tf—2 



(8) 2002-291474 

14 

[0 0 6 5 ] EIISKC5V3"J:5K:. V-*7-Bmaq0353tt> 
T^S — ^AffifftH^F (H«t>, AT ToleranceifBiS) *P 
6ft 1. 6-te>*-=E:Jl/#> (cM) OffifiCCfigUTfc 

10 [0 06 6] 
[0067] 



AFLPV-#-<D5^ 1«S(E12-M2 * 

SEQUENCE LISTING 
<H0> Dapan Science and Technology Corporation 

<i2o> 7^5i-)A»itiwaitsDNA7^-, 'Rz^e<omm 

<L30> A182P11 



<160> 2 
<210> 1 
<2U> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotides 
<400> 1 

actagtaccc actatgcacg a 
<210> 2 
<2U> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotides 
<400> 2 

acqttcatta aaatcacaac tg 

[11] AFLP^Wtt: fi&ffl 3 tltc universal primerfccfcO' 
selective primer ; &77^TiS*'C£>&o 

[02] AFLRSMffCC:btiT\ Preamprification*5<tc>*Se 
lective Amprifi cation (D^iftiBCCffifflSllfcPCR SJt 

[03] ssR^Wtcteor, §7>f ^aiff*^^ h©» 
[04] T;U^^^A^S^Tri2B^W?^/cS 
A« 'tf^Stfe^' . Btt 'Morex ' . C«F 2 WIS 



21 



22 

[05] 't*e>3**>V i 'Morex* <h<D3cI2K: <£ & 
40 F 2 mt£<DT>\'$~yj*W&X^T<Dffi&fttt*7F?# 

[06] # t*63*feV £ 'Morex' <h *3£E3«B-C 

^-ry^SSv^tt^T^O, (a) E05-M26 ©^*^ 

^v-a^Mffli^cii^(Dy;i/ir$)^ (b) it. 

v-^-Braag0353 J &fflC»/cii^(Dy;Hfe'C&€)o 
[07] **A^4H&ett±fcfcWS, TJUS-^AfJ 
^ni^T-^ H* (Bmag0353. HVM3) *5 

ct O* AFLFV — # — (E05-M26 ) Z^tsmmmZ^M 
50 T*£o 
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£^™ < ^ P Sactgcctaccaattc-3 Prcamplificalin S&l&ctive amplication 

20cycles 30sec94X: lcycle 30secs94X: 



^^ pna ^ AAC Imin 56T 30secs65£ 

Ens eooo+aag Imin 72*C lmin 7TC 

=*5 EooofACA Hcycles 305CCS941C 

tS £S££ga 30secs 65*C (XXTC/cycle) 

Eii eqoo+agt Imin 72*C 

ESSE 23cycles 3fc« S 94£ 

0&di*JwipjW) 30secs55TC 

5-GATGAGTCCTGAGTAA-3 Imin 72t2 



J^^^^Ukhcaa mis m^ojhcga 

MIS M-OOO+CAC M26 

MIS M-WXHCAG M27 M-00O+CGG 

M20 M-WHCAT MM M-40OKXJT 

Mil M-OOHCCA M29 M-O004CTA 

M22 M-OOO+CCC M30 Jf^StS^ 

M23 M-OWHCCG MM M-COO+CTG 

M24 M-OOOKXT M32 M-OOCHCTT 



[03] 



SSR2 SSR3 SSR4 

1 cycle 3mins 94*C lcycle 3mins94*C 1 cycle 3mins WC 
Imin 58*0 Imin 55*C lOcycles Imin 94t 

imin 72*C Imin 72t: Imin Wt^ltVcycle) 

30cyclcs 30sccs94 < C30cycl« Imin 94t Imin 72*C 

30sec* 5#C Imin 55"C 30cyclcs Imin 94*C 

305ccs 72*C Imin 72*C Imin 55"C 

Hold 5mins 72 "C Hold 5mins72 < C Imin 72 "C 

Hold 505^72*0 



[04] 




17] 



1.6 



Al Tolerance 
Bmag0353 



21.0 



19.0 



38.6 



34.0 



HVM3 



14.5 



E05M26 
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[06] 



BT,BS, 1 



7 8 



14 



Q^, W*o WrL- feed • *-*r 



(a) 



E05M26 



BT,BS, I 



7 8 — 



14 



F#-A(#:%) 2B030 
4B024 
4B063 



AA02 AB03 AD20 CA06 CA16 
CB02 

AA08 AA11 BA80 CA03 DA01 
EA04 FA10 GA11 HA12 
Q*01 Q*05 QQ09 QQ43 QR08 
QR33 QR42 QR62 QR78 QS25 
QS34 QK02 



